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ABSTRACT

Stream-sediment samples from 1500 sites in the Ashton,

Idaho/Montana/Wyoming i:250,000 quadrangle

Almost all samples containing anornal~us

standard deviation above tile mean value of

drainage basins underlain by Quaternary

Precambrian gneiss and schist. Alumi~um,

were analyzed for 45 elements.

concentrations (exceeding one

any element) were derived from

rhyol ite, Tertiary andeslte or

barium, calcium, cobalt, iron,

nickel , magnesium, scaadium, sodium, strontium, and vanadium have an

~ndesite provenance. Most anomalous manganese, europium, hafnium, and

zirconium values were derived from Precambrian rocks. All other anomalous

elemental concentrations are related to Qudt.ernary rhyolite.

This study demonstrates that multielwnental stream-sediment analyses

can be used to infer the provenance of stream sediments. Such d+3ta are

available for many pdrts of the country as a result of the N3tional Urdnlunl

Resource Evaluation. This study suq~lests that Stredm-sediment samples

collected in the Rocky Nounta ins can be used eiiher ds pdthflnderS or dS

direct indicators to select targets for mineral exploration for d host of

metals.

lntroduc.tion

A (JW)cht!fTtiCdls~redm-sediment. survey for 45 elements W3S conducted by

the Ios Alanms Natiofldl ~.dbU~dtorY Ifl tht! Ashtun l:?5U,(.ldO qu~drangle in

Pdstern Iddho, southwestern Montena, and northwestern Wyoming (Fig. 1).

This study wds undertaken ds pdrt of the ndtionwlde H.yarogeochemical and

!itr~’anlSf’diment Reconnaissance (HSSR) Proqram, which was a major component

of the IJ.S. Department of [nerqy’s Ndtiondl Uranium fl~sobrc~’ Evaluation

(NURE).



A total of !500 sediment sampies was collected. These were obtained

from 1433 stream ch~nnels, 52 springs, and 15 ponds. The samples from

M( 8 la were collected in AugliSt 1976, whereas those in Idaho and Wyoming

were ~llected in the surruner of 1978. All samples were collected at a

nominal reconnaissance density of one sample location per 10 kmz.

Standardize~ field, analytical, and data-base management procedures were

used during both sampling programs.

All 67,500 analyses for elements in these

and Zr analyses) are tabulated in the Ashton

samples (except for 3,000 As

quadrangle report (Shannon,

1980). These data plus the As and Zr data are also available on magnetic

tape from GJOIS Project, UCC-ND Computer Applications Oepdrtment, 4500

North Building, Oak Ridge National

3]830. Additional HSSR data are

northern and eastern margins of Ye

Laboratory, P.O. Box X, Oak Ridge, TN

iivailable for small areas along the

lowstone N~tional park in the Bozeman

quadrangle (Bolivdr, 1979; 1980ir) and the Cody quadrangle (BOllvdr, 1980b).

Field Procedures——.. — .—--—. ...-—

Enough fln[!-qrdint!d, org~nlc-rich, w~ter-trdrtsported sediment to yield

d conlpusite sdmpl(’ of ~~ U ~ifter proc(’ssirlg (as indicated below) wds talker,

from hen[’ath the water level at three d,iiicent spots at each spring or

str(~am location. “Ihe sediment was put irlto a new, cl~an, and originally

s[’sled, rip-top pol-y(’t.hylpnrhag which was then properly double labeled for

delivery to tt,u contrdc.tor’s drying facility. After drying at <lo~”tt e~ch

Sdmple WCIS sieved through a 10(1-nwsh stainless steel sieve. Tflp ,I,irl,,s

100-mesh fr~ct ion was put into a prewashed, 25-ml polyethylene vial which

was then dppropridte]y doub~e-ldb[!led ~r}d sedled for shipment to Los

Almos. All field observtit.lurrs and nwasur(!mcnts were recorded on field

d~ta forms which wvre includpd with the samples.
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The field observations represented the best judgment of the field

sampler at a location and included general descriptions of the local bed-

rock, sediment, water, vegetation, terrain, weather, and possible con-

taminants. Because these observations were subjective and made quickly in

the field, they should be held subordinate to formally documented infor-

mation such as that provided by published topographic or geologic maps.

Each co~tractor was supplied field maps with the desired sample types

and general locations symbolically premarked at Los Alamos. The field maps

were generally 1:24,0G0 or 1:62,500 USGS topographic maps. As each

location was sanlpled, a unique sample location number, preprinted on

transparent adhesive labels that was provided with each identically

numbered field data form, was placed on top of the precisely marked point

repres~nting the s~mple site on the field map. Whe~ a desired sample as

specified could not be obtained, an identical or alternate sample type was

ricked, and the new sample type and loca:ion were marked on the field map

and properly labeled as above. The latitude and longitude of each location

was then computed by the sampling c.:lnl.rdc.turwithin 48 II of taking mch

sample. Every location wds later checKerl dt Los Aldmos by Cigltizlnfi the

sdmple locations

f ie’ld. The Idti’

locations were d’

the field rndps.

on t~ach map and compdrlng them to those c-olullutedIn the

udes ~nd longitudes were corrected if thr field-:c)l:l~~jted

Spld(ed by more than 300” m from t.h~ lrxdtiorls marked on

1, final visual check of Sdlllple locations was mdde by

overlaying c.r]lTlp(Jt[:r-pr(]d[lcedlocdtion plots on the field maps U5ed. Thin

computer program for gt’nerdtin!l the Universal Trfinsversu Mercator map

projection overlays was rif~scribed by Ch~adle (19/7).
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Analytical Procedures

Al 1 sed iment

delayed-neutron count

sdmples were analyzed for tOtal uranium by

ing (DNC) (Minor et al. , 1981). A split of each

sample was transferred to a clean 4-ml rabbit, weighed, and its weight

recorded along with the appropriate location number. These rabbits were

then loaded into a 50-sample transfer clip. The reactor pneumatic-transfer

system and bactgrounc! radiation levels were checked, and standards were run

for calibration. The transfer clip was installed and the samples were

cycled through the system. The uranium coflcentratiorr was automatically

measured, converted to ppm, and entered into the data base. The lower

limit of detection of this method was 0.01 ppm uranium, fdr below the r~nge

of uranium concentrations in natural sediment sdmples. Above the 1 ppm

level , the urdnium values in ~ediment measured by DNC at Los A]dmos had a

one-sigmd error of less t;ldn 4%. The

detectors, were described by Balestrini

Illll:wdidtely upon completion of

specidlly designed delayed-neutron

et al (1975).

the urdniurn dnolysis of s.edlment

\fl:’’[llE’s t)v [)11 L, th(’ !)dfllf? 4-ml sediment splits were entered into the

rl(,lltr’ori-d[~lv(j:iofi dndlysis (t/AA) sequence. The con(.entrdt ions of 33

~rldltlonal ~lf’mentr wt’re d~tt:rlnined by this prricedur(.. These elwents were

Al, As, Au, Ha, Cd, CP. Cl, Co, Cr, Cs, Dy, Eu, Fe, Hf, K, La, Lu, MCI, Mn,

N~, Rb, Sb, %, Srn, S(, Td, Th, Th, Tl, V, Yb, lrr, ~nd Zr. Th{’ iu~l

[)!!(,/NAl\timing sequence LJsecf &t, I.OS Alij,nos for edch sdim(jnt :,iimple WII;:

?0-s irr~di~tion, 10-s del~y, 30-s [)N(,analysis, ?O-min delay, 500-s ~-ray

~ount for short-1 ivod rddionucl ides, 96-s rp-irl”ddldtl(.)n, 14-ddy deldy, dnd

fir~dl!y d 1000-s ~-ray count for long-l ived rddionucl ides. lhe ~-ray

couf!tlng w~s (Iont!by It’ad-shielded (;e(l.i)cl(~tt~c.tors;the 4U9f~-chdnn~l l-ray

ddta Wt?re rPLUrd(’d dnd Subs[’qu(?nt.lydndly~ed for (’dLh lrl(!lvidlldl~1[’lll!!r~tby
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computer. The analytical data for each sample was automatically printed

along with the associated statistical errors. The lower detection limits

for the various elements as reflected by the “less than” values (denoted by

a minus sign in front of a concentration) in the data listings were the

values for the individual elements at which the statistical counting error

approached 50%. Typical lower detection limits for the elements determines

by NAA were reported in Nunes and Weaver (1978); however, the actual

detection limit for an element depended upon the composition of the sample,

and this limit may have been higher or lower than the typical value. At

concentration values one order of magnitude above the lower detection

limits, the relative errors were generally less than 10%.

A computer-controlled, energy-dispersive x-ray fluorescence system was

used to determine Ag, Bi, Cd, Cu, Nb, Ni, Pb, Sn, and W in sediments. The

system consisted of an ~utomatic 20-position sample changer, a lithium-

drifted silicon detector, a pulsed molybdenum transmission-target x-ray

tube, a multi-ch~nnel dndlyzer, and a minicomputer. The sediment samples

were prepared for ,Irralysisby urlndinq 6 $ of each minus 100-mesh sample to

d mlnl)s :~;)j-mest puwdero L compu:ef pr{)urdm positioned the 6-g sdmples in

th~) x-ray beam, unfolded ov[?rldpplng pPdk5, determined peak intensities for

edch element, and c~lculdted tnc rdtio of the intensity of each peak to

that of the rnolyi)denum K ~umpton ~eak. Concentrations of each element0

were then calculated using equations obtained by analyzing prep~red

Stdrlrldrcis. Uetection Iimlts were: 5 ppm for Ag, Eli, Cd, and Pb; 10 ppm

for Cu and SII; ]5 ppnr for Ni and W; and 20 ppm for Nb. When an analysis

rt’suited in an el[mlental coricentratiurr that was below the detection limit,

a minus sign prec.ed~ng t’:e value of the detection limit for

was inserted ~n the data 1 istings. The r~lative standard dev

6
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or less at the 100-ppm level and 20% or less at the 20-ppm level. Details

of the method and equipment used were described by Hansel and Marten

(1977).

A 5-mg portion of the minus 325-mesh sample thdt had already been

analyzed by x-ray fluorescence was mixed with 10 mg of a buffer consisting

of one part graphite and one part Si02. The sample/buffer mixture was

placed into a graphite electrode that was used as Lhe anode of a dc arc

having a short circuit current of 6A for 10 s, then 17A for 50 s. Photo-

multiplier tubes in a direct-redding spectrograph were used to measure the

second order 313.O-nm line of Be, the first order 670.7- and 610.3-nm lines

of Li, the background spectra near these lines, and the 327.6-rim line of V.

The 670.7-nm Li line was used for Li concentrations up to 10 ppm and the

610.3-nm line of Li was used for concentrations above 10 ppm. The V line

was used to correct the Be value when V Is present. The signals from the

photomu?tiplier tubes were read by a digital

by ~ desk-top calcul~tor. The results were s

dnd i+rit!en of IssYtt.e ‘dpe for ldter t.rd

voltineter dnd were processed

llllJltdflCJOUSIY printed on pdper

!S!lli5370n tCI d Cd !Ildter ddtd

file. Trlf {)]ttiiorl~d; :()(l,~n~fd~ Ions of Be df)d LI wdre drtefilllrle(l from the

5pectra, Ddseci on t.rlerv~ults ot prevloujly run cdl ibrd?.loristdnrldrds. The

lower dpt.(’it.ion ;imi: for both elements was 1 ppm. When an iinalysis

resulted in an el(!m[’ntd] (orl(.entratlon that was below the detectl m limit,

d minus Sign precedlny the value cjf the detection 1 imit for that element

was inserted in the ddta 1istings. Precision at the lower detection llmlt

was ~~()% for b!)th [>lwlents and improved to ~25; dt one order of mdgnitude

above the lower 1imit.



E!m.w
A detailed

rangle is beyond

discussion of the geology of the Ashton 1:250,000 quad-

the scope of this paper. A brief surrrnaryof the lithology

of the quadrangle is genera’

Survey (1972) and IntraSearch

The Precambrian basement

marble, and quartzite.

ized geo”ogic maps by the U.S. Geological

(1979).

comprises dolomite, gneiss, schist, tremolite

All Paleozoic and Mesozoic rocks are sedimentary. Cambrian strata

include limestone, shale, and sandstone. Dolomite is the dominant

Ordovici~n and Devonian rock type, and limestone is the chief Mississippian

rock type. Pennsylvafiian rocks are principally sdndstone and silt stone

whereas Permian rocks are chiefly phosphatic shale and sdndstone.

Triassic rocks consist of siltstone, shale, and sardstone. Jurassic

strata include sandstone, shale, and limestone. Cretaceus rocks are pre-

dominantly sandstone and shale.

Almost all Tertiary rocks are volcanic. The chief exceptions are

Paleocene sandstone dnd shale. Eocene rocks ~re chiefly ~ndesite, basalt,

tr~chyte and rhyodacite. Pllocene-Pl el>tocen(’ volcd’ 11:5 :Wifprl’~ rnyolite

f~owl} dnd dsh-fl@W tUffS. Pleistocene vo~canics are comprised almost

wholly of rhyolite flows and ash-flow tuffs plus local basalt. Pleistocene

sediments are glacial deposits. Recent sediments include alluvium, fan and

terrace deposits, landslides, and windblown sand. There are also local

hot-spring and hydrothermal-explosion deposits.

Methodology

For each of the 45 elements, computer maps and tabu’

showing the distribution of t ites from which the element,

ations were made

I content of the

sediment samples exceeded one (0), two (2u), or three (3cJ) positive
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standard deviations above the arithmetic mean for that element. Values

less than the detection limit or of zero were excluded from consideration.

Each individual element map of the 1° by 2° Ash on quadrangle (U.S.

Geological Survey, 1972) was subdivided into 32 15-minute quddr,~ngles

numbered consecutively from the upper left corner as shown in Figure 2.

The number of sample values fclr sites within each quadrangle between T and

2CJ, between 20 and 30, and exceeding 30 were counted separately and

recorded. Each quadrangle was scored separately for each element by adding

the nLmber of values between o and 2U to twice the number of

20 and 30 and to thrice the n(mlber of values c!xreeding 3u.

scores, the four quadrangle!; containing the highest sums

represent the peak geographic corl(,entrations of sites

quadrangle from which samples containing the most ~nomalous

values between

Based on .hese

were taken to

in the Ashton

values of that

element were obtained. Hence the one-eighth of the total area of the

Ashton quadrangle. fran whici the largest number of anomalous values and

the most strongly anomalous vdlues for th:jt element were reported, were

identified d~ most likely to halve a decipherable geologic reldtion to the

provenance of the stream-sediln?nt sdmples. This process wds repeated, In

turn, for each of the other 44 elelrlents.

For each 15-minute cpadrdngle, the areas, which include clusters of

samples containing anomalous valu~s of one or more elements, were plotted

on the Ashton topographic. map as shown in Figure 2. The geology of these

areds w~s noted by transferring information from the 1:250,000 geologic

overlay (IntraSearch, 1979) inc’uded in the Ashton NURE report (Shannon,

1980). For areas within Yel lowstone Ndtiondl Park, the 1:125,000 geologic

map was used (11.S. Geological Survey, 1972). Tbe resulting information was

tabulated (see Appendix) to determine the association of anomalous values

9



of each metal with specific rock types throughout the Ashton quadrangle.

Each major rock type in the areas upstream from sites, from w~~ich samples

having anomalous concentrations of, various elements were obtained, was used -

to match s~ch elements with the Iithology of their probable derivation

Some samples may be recycled from terrace or glacial deposits, which

ultimately had their provenance in other rock types cited.

Conclusions

The following groups of elements have a correlation of 1.00 (four out

of four) between the four 15-minute quadrangles within which are located

sites from which samples containing the most anomalous values of those ele-

ments were obtained. The qu~drangle numbers are shown in parentheses below

and also in Figure 2.

1. Zr and Hf (2, 3, 15, 23).

2. Sr, Sc, Na, Fe, Co, Ca, and Al (8, 16, 24, 32).

3. As and Sb (13, 14, 15, 21).

4. Ni and Mg (16, 24, 31, 32).

5. Yb, Sm, and La (23, 28, 29, 30).

6. Tb, Lu, and Dy (20, 28, 29, 30).

The following groups of elements have a correlation of 0.75 (three out

of four) as explained above.
4

1. Zr and Eu (2, 3, 15).

2. Hf and Eu (2, 3, 15).

3. Mn and Cu (10, 11, 16).

4. Sn and Rb (ZO, 29, 30)0

5. V ijnd $,r, SC.) Na, Fe, Co, Ca, and A’! (8, 16, ?4).

6. W and As and Sb (14, 15, 21).

7. Ce and Th (4, 23, 79).

10



8. Ba, Ni, and Mg (16, 24, 32).

9. Ba and Sr, Sc, Na, Fe, Co, Ca, and Al (16, 24, 32).

10. Yb, Sm, and La versus Tb, Lu, and Dy (28, 29, 30).

11. IJand Tb, Lu, and Dy (20, 28, 29).

12. K and Tb, Lu, and Dy (20, 28, 29).

13. Pb, Zn, and Be (13, 20, 29).

Most elements that occur in anomalous concentrations in stream-

sediment samples have their provenance in otiaternary rhyol itic rocks.

These include U, Th, seven rare earths, ore metals (Bi, Pb, Sb, Sn, Id, and

Zn), rare ,netals (Be, Cs, L1 and Ta), and also K, Rh, As, and C~O Those

within Yel lowstone Nationtil Park dre associated chiefly with the Lat~ Creek

and Huckleberry Ridge tuffs of the Yellowstone Group. in addition, ‘c

flows of the Central Plateau Member of the Plateau Rhyolite as well as the

Mount Jackson and Lewis Creek rhyolites dre also probable sources of

anomalous metals in stream-sediment s,:rnples.

Stream-sediment samples cont~ini!,q anomalous dmounts of mdjor elemen-

tal constituents of ~ndesite (Al, Cd. l-e, My, k, and Ti) as well as Ba,

Co, Nl, SC) Sr, ~nd V hdVe d prCJVPndn(’~ In ttw ~nrieslt~c rocks of’ the

hsdrokd Volcdnic Supergruup of EoL.eIIu d~t’ dl~ng the eastern Iiidrglrl of the

Ashton qu~drdngle. The chief source rocks Ore the Ldmar River, Idnyford,

Two Ocean ~nd Wiggins Forlil~tions. [Ilher ~]robdble contributors dre the

Wdpiti and Mount Wallace Formations dnd the Irout L-eek trachy~noesite.

Most. stre~m sediments cont~ining dnolli,]lous ijmounts of Mn, [u, Hf, ~nd

Zr h~ve a proven~nce irl Precambridrl gnelss and schift. The Tanner manga-

l~cse prospect (Mlcchell et al., 1981) is upstredrn from one such

arlolllalous-sdlllplesite.

11



For a few anomalous ~lements, the provenance

to be equally associated with Tertiary andesite

rucks. Some Eu, Hf, and Zr are also related to

is mixed. Cd and Cr seem

and Ouaternary rhyol itic

Quarternary rhyolite. Cu

seems to be equally derived from Tertiary volcanics and Quarternary rhyolite

while Nb has its probable provenance divided between (@aternary rhyolite

and Quaternary basalt.

It is significant that erosion from other rock units in the Ashton

quadrangle has not formed

of any of

NURE

the resu’

the 45 elements

stream-sediment

tant data publ

in this study.

s~mples originally were collected, analyzed, and

ished to f~cil itate exploration for ~dditional

United Stdtes. However, the interprct~tlon of

this drray of multi-elemental analytical ddtd may be t’dr more importdnt

uranlutn resources in the

sediments containing appreciably anomalous values

either directly in seeking new resources of mdny of the elements cited or

indirectly as pathfinders to resources of other metals not reddily ~nalyzed

in the NURE proyr5m.

(JbvlOUSly, th(?r~- is rI( l~:enf. t(1 (~fl:(l,,r~gemineral’ .’,;l,)rd;lor In

Yellowstonv ~!dtlOfld! i’drk. if(, wf!J$’[!F , ~~ttler:1s(?>Ot trl*’sP
,1;6,,,flt.1111( d , (Id:d

Include the solutlon of p.~re]y sclt:ntlf lC ut~(~lug]c pru[jl~’m> rt’;dtc~d to the

provenance of stream >e~!lti,en::,Wltnln end ddJolnlng the pdrk. Por tadm~le,

tlte ~ltlmate deriv~tiun of m~lltlcyclic sediments can he :IJ[lJcwd. Also this

is ~nother tool for d~”tefir~lnlng d more clet~lled Plelstucene geologic

h!story of the piirk.

Ackn]wl-e~l~j?Ie-nt~——

C. H. Myers vr~courd!~vd .ht! re$edrch pertaining to the interpretatlofl

of the Ashton gtw~.hemlc,~l (ldtd, A. c. kdters cr~ticdlly revlewcd the

manuscript..
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FIGURE CAPTIONS

Fig. 1. Locatior map of the Ashton 1:250,000 quadrangle,
Idaho/Mr!ntana/Wyoming.

Fig. 2. Anomious concentrations of elements in stream-sediment samples in
the Ashton 1:250,000 quadrfingle, Idaho/Montana/Wyoming.
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